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摘  要 




讨了 Cd 胁迫下湿地土壤酶活性的变化以及 Cd 在红树幼苗中的迁移规律： 
1.盆栽土培条件下，胁迫 4 个月，低浓度 Cd 胁迫（0.5 mg·kg-1）对桐花树
幼苗生长无明显伤害现象，甚至促进生长，表现在幼苗株高、植株鲜重均显著高
于对照；随 Cd 浓度增加至 50 mg·kg-1，抑制了幼苗正常生长，生物量下降，根
长显著变短，对植株造成了伤害；Cd 胁迫 10 个月后，桐花树幼苗在中、低浓度
Cd（0.5~ 5 mg·kg-1）环境下促进生长，高浓度 Cd（30~50 mg·kg-1）抑制其生长。
表明随着桐花树幼苗生长，其耐 Cd 能力增加。 
2.低浓度的 Cd（0.5 mg·kg-1）对幼苗叶片叶绿素的合成具有促进作用，但当
Cd 浓度继续升高，桐花树幼苗叶片叶绿素含量降低，其中叶绿素 a 所受 Cd 影响
要较叶绿素 b 显著，而且叶绿素 a/b 值呈现持继下降趋势。 
3.植物需以牺牲生长为代价，消耗大量能量来抵抗逆境。幼苗叶中淀粉含量
变化趋势总体随 Cd 浓度增加而下降，50 mg·kg-1 Cd 胁迫下叶及根中淀粉含量分
别为 20.46 mg·kg-1、3.75 mg·kg-1，分别为对照的 55.80%和 61.44%；低浓度的 Cd
（0.5 mg·kg-1）刺激幼苗叶及根中淀粉合成，含量高于对照；淀粉含量与 Cd 浓
度存在显著负相关（r 根= -0.904，P<0.01；r 叶= -0.871，P<0.05）。 
4.可溶性糖、可溶性蛋白及脯氨酸的含量均随着 Cd 浓度的增加出现不同程度
的先升后降的趋势。表明桐花树对低浓度的 Cd 有一定的抵抗能力，但在高浓度
的 Cd 胁迫下则受到伤害。 
5.5～50 mg·kg-1Cd 胁迫下，桐花树幼苗可溶性糖、可溶性蛋白、脯氨酸含量
均显著高于对照，与 Cd 浓度均存在正相关性，建议可作为桐花树 Cd 胁迫的检
测指标。可以认为，在 Cd 胁迫下，桐花树幼苗通过渗透调节物质的积累和可溶
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6.在中、低浓度 Cd 范围内，SOD、POD 活性均显著升高，但是在高浓度 Cd
胁迫下，根及叶中 SOD 活性均下降，但变化不同，根中 SOD 活性显著低于对照，
而叶中 SOD 仍显著高于对照；在高 Cd 胁迫下，叶及根中 POD 活性与对照差异
不大，表明桐花树幼苗对 Cd 有一定的抗性，以抵御 Cd 对植株的伤害。 
7.根中 MDA 含量在无论在高浓度还是中低浓度范围 Cd 胁迫下，其值均低于
对照；叶中 MDA 含量虽然在高 Cd 胁迫下略高于对照，但与对照差异不显著，
而且在中低浓度 Cd 胁迫下其值下降，表明膜脂过氧化作用并不是 Cd 胁迫下桐
花树幼苗受损伤的主要原因。 
8. 通过重金属 Cd 在桐花树不同部位的富集系数的分析发现，桐花树不同
部位对土壤 Cd 的富集能力为：根系＞茎叶。并且茎叶中的重金属含量较低，根
系对 Cd 的富集系数是叶的 8.75~28.42 倍、茎的 7.15~29.05 倍（胁迫 10 个月）。
生长 10 个月的桐花树植株组织中的 Cd 含量比生长 4 个月的高。随 Cd 浓度的增
加，根茎叶的富集能力下降。根茎叶中的重金属含量与土壤中 Cd 浓度呈极显著
正相关。 
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Abstract 
The soil-cultivated Aegiceras corniculatum seedlings were treated with various 
contents of Cd, and the effects on the physiological properties and the soil enzyme 
activities were measured. The physiological indexes included dissolved protein, 
dissolved sugar, starch, proline, anti-oxidation enzymes and MDA. The objectives 
were to probe into the transferring rule of Cd and the anti-heavy-metal mechanism in 
mangrove plant, and the variation of soil enzyme activities under Cd stress as well. 
The results were as follow: 
1. Under low Cd content (0.5 mg·kg-1), the A. corniculatum seedlings exhibited no 
obvious signs of being damaged when were treated 4 month; on the contrary, the 
heights and fresh biomass were promoted by low Cd content, with significant higher 
than those in CK. However, as the Cd contents increased from 0.5 mg·kg-1 to 50 
mg·kg-1, the growth of seedlings was inhabited, with lower biomass and shorter root 
length. After treated 10 month, under 0.5~5 mg·kg-1 Cd content, the A. corniculatum 
seedlings were promoted than CK. The growth of seedlings was inhabited under high 
Cd content (30~50 mg·kg-1), show that tolerance of A. corniculatum seedlings should 
be increased when it growthed step by step.  
2. Low Cd content (0.5 mg·kg-1) accelerated the synthesis of chlorophylls. 
Whereas, the chlorophyll contents and the ratios of Chl (a/b) decreased with the 
increasing Cd contents. Meanwhile, the damage to Chla was heavier than to Chl b. 
3. The A. corniculatum seedlings adapted the stressing habitat at the cost of 
slower growth and more energy wasted. There existed a trend the starch content in 
leaf went down with the increasing Cd content. The seedlings under 50 mg·kg-1 
treatment obtained starch contents of 20.46 mg·kg-1 in leaf and 3.75 mg·kg-1 in root, 
with ratios of 55.80% in leaf and 61.44% in root to CK respectively. Low Cd 
treatment (0.5 mg·kg-1) stimulated the starch synthesis in both leaf and root, with 
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starch and Cd (rroot= -0.904，p<0.01；rleaf= -0.871，p<0.05). 
4. To the mass proportions of dissolved sugar, dissolved protein and proline, there 
presented similar trends that at first the mass proportion increased and then decreased 
with the increasing Cd content. These indicated although the A. corniculatum 
seedlings were able to tolerate low mass proportion of Cd treatment, they would be 
harmed by higher treatments.  
5. In the Cd treatments of 5 to 50 mg·kg-1, the contents of dissolved sugar, 
dissolved protein and proline were all higher than CK, and significantly correlated 
with Cd contents, so that it seemed practicable to apply them to monitor Cd stress to A. 
corniculatum seedling. As a result, A. corniculatum seedlings improved tolerances to 
Cd stress through more accumulation of osmoprotectants and synthesis of dissolved 
protein. 
6. Under moderate and/or low Cd treatments, the activities of both SOD and POD 
all increased significantly. However, under high Cd treatments, the SOD activities in 
both root and leaf all decreased, and SOD activities in roots were significantly lower 
than CK while those in leaves were higher than CK. And under higher Cd treatments, 
the POD activities in both leaves and roots had little difference with CK. These results 
indicated Ag seedlings had certain degree of tolerance to Cd stress. 
7. In roots, MDA contents under any Cd treatments were all lower than CK. In 
leaves, MDA contents under high Cd treatment were a few higher than CK, but not 
significantly; moreover, MDA contents under moderate and/or low Cd treatments 
were significantly low than CK. These indicated the peroxidation of membrane 
fattiness was not the major factor damaging A. corniculatum seedling. 
8. Enrichment coefficients of Cd in parts of A. corniculatum seedlings showed 
the enrichment ability of root was higher than those of stem and leaf. And the Cd 
contents in root were 8.75~28.427 times and 7.15~29.05 times respectively to those in 
leaf.and stem The Cd content of ten-month-old seedlings was higher that of 
four-month-old seedlings. Furthermore, the enrichment abilities of A. corniculatum 
seedlings decreased with the increasing Cd content.  
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However, the activities of urease, incertase, POD and protease all decreased with the 
increasing Cd content. The soil enzymatic activities were negatively correlated with Cd and the 
correlations were as follows: urease > protease> POD> incertasel> catalase. The maximum 
of inhibition rates could reach to 25% except catalase. It seemed reasonable to use urease as 
monitoring indexes to Cd pollution. No obvious variation was found in catalase 
activities.  
10. There were significant correlations among urease, incertase, POD and protease, 
while no correlation between catalase and anyone of the above four soil enzymes. 
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